HYDRAULIC SHOCK ABSORBER 



BACKGROUND OF THE INVENTION 

[0001] The present invention relates to hydraulic shock absorbers for motor vehicles and 

5 other vibratory objects and more particularly, to an improved piston assembly for use in a 
hydraulic shock absorber. 

[0002] Automotive shock absorbers of the fluid damper type have been in use for many 

years. Japanese laid-open utility model publication No. 58-94929 discloses a hydraulic shock 
absorber wherein a valved piston is fit around a piston rod and reciprocatingly received within a 
10 cylindrical housing (see Fig. 14). The piston divides the-an interior of the cylindrical housing 
into an upper, rebound chamber and a lower, compression chamber. A valve assembly is 
mounted to the-ajower surface of a piston head and includes an apertured valve disc (see Fig. 
15) normally seated on a valve seat, and a notched valve disc (see Fig. 16) superimposed on the 
apertured valve disc and adapted to cooperate with the apertured valve disc to collectively form a 
15 plurality of ports. An annular outer valve disc (see Fig. 17) cooperates with the apertured valve 
disc to sandwich the notched valve disc to form a plurality of restrictive orifices in the-an end of 
the notches of the nothced valve disc . An annular inner valve disc (see Fig. 18) is placed on the 
apertured valve disc to normally close off the ports. 

[0003] During a rebound stroke, the piston is moved upwardly into the rebound chamber. 

20 Th e re s ultant Resultant pressure increase in the rebound chamber opens the valve assembly to 
allow damping fluid to flow from the rebound chamber to the compression chamber through a 
plurality of rebound passages which are formed in the piston head. During a compression stroke, 
the piston is moved downwardly into the compression chamber. Th e pressure Pressure 
differential across the valve assembly causes the inner valve disc to deflect to thereby open the 

25 ports. This valve arrangement enables the shock absorber to provide a greater damping force at 
relatively low compression rates. 

[0004] The apertured valve disc is formed with a C-shaped aperture (see Fig. 15). A 

problem with this arrangement is that during a rebound stroke, the inner valve disc is caused to 
deflect along the C-shaped aperture of the apertured valve disc due to the-a_build-up of back 
30 pressure above the piston (as shown by broken line in Fig. 14). The-A degree of deflection 
becomes larger as the piston is moved faster. Due to repeated flexing of the inner valve disc in 
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response to fluid flow during compression and rebound movement of the piston, the inner valve 
disc is prone to plastic deformation or fatigue failure. In order for the inner valve disc to resist 
back pressure, the inner valve disc could be made thicker, or another annular disc valve could be 
superimposed on the inner valve disc. However, such arrangements make it difficult to establish 
tfee-a_desired tuning of the shock absorber during a low velocity compression stroke. 
[0005] Accordingly, it is an object of the present invention to provide a hydraulic shock 

absorber which prevents excessive deflection of an inner valve disc due to back pressure while 
establishing the-desired tuning of the shock absorber. 



1 0 SUMMARY OF THE INVENTION 

[0006] According to the present invention, there is provided a hydraulic shock absorber 

which includes a cylindrical housing filled with damping fluid, a piston slidably disposed within 
the cylindrical housing to divide tfee-an interior of the cylindrical housing into an upper working 
chamber and a lower working chamber, a passage extending between the upper and lower 

15 working chambers and adapted to allow the damping fluid to flow therethrough during 
movement of the piston, a valve seat located in the-a_downstream end of the passage, and a valve 
assembly normally seated on the valve seat and operable to selectively open and close the 
passage. The valve assembly includes a first valve disc held on the valve seat, a second valve 
disc retained on the first valve disc and including a plurality of circular apertures arranged in a 

20 circumferentially spaced relationship and selectively op e n e d openable and clo se d closeable by 
the first valve disc, and a third valve disc retained on the second valve disc and having a plurality 
of notches arranged in a circumferentially spaced relationship. The notches cooperate with the 
apertures to form a plurality of ports which are communicated with one of the chambers which is 
located downstream of the valve seat. A fourth valve disc cooperates with the second valve disc 

25 to sandwich the third valve disc so that a plurality of restrictive orifices are defined in tbe-an 
outer end of the notches. The ports each have a cross sectional area greater than that of the 
restrictive orifices regardless of the-ajelative angular position between the second and third 
valve discs. 

[0007] With this arrangement, the-an area of the ports defines an orifice-induced 

30 damping characteristic. Advantageously, a portion of the second valve disc which is positioned 
between eaeh-adjacent apertures supports the first valve disc to prevent undue flexing of the first 
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valve disc when back pressure is exerted on the first valve disc. 

[0008] The apertures of the second valve disc may preferably be circular in shape. When 

back pressure is exerted on the first valve disc, the-resultant stress can be evenly dispersed along 
and around th e circumferenc e circumferences of the circular apertures. This results in an increase 
in the-service life of the first valve disc and thus, the overall shock absorber. All the apertures of 
the second valve disc may preferably be communicated with all the notches of the third valve 
disc. This arrangement allows the first valve disc to have a constant area on which fluid pressure 
is exerted and thus, reduces or minimizes damping fluctuations particularly during a low velocity 
compression stroke. 

[0009] The above and other objects, features and advantages of the present invention will 

become apparent from the following detailed description of the preferred embodiments of the 
invention. 



BRIEF DESCRIPTION OF THE DRAWINGS 
15 [0010] Fig. 1 is an elevational sectional view of a hydraulic shock absorber assembled 

according to one embodiment of the present invention; 

[0011] Fig. 2 is a partial sectional view, on an enlarged scale, of the hydraulic shock 

absorber shown in Fig. 1 ; 

[0012] Fig. 3 is a plan view of a first rebound valve disc; 

20 [0013] Fig. 4 is a plan view of a second rebound valve disc in which a circumferential 

series of apertures are formed; 

[0014] Fig. 5 is a plan view of a third rebound valve disc in which an array of notches are 

formed in its outer periphery; 

[0015] Fig. 6 is a plan view of a fourth rebound valve disc; 

25 [0016] Fig. 7 is a plan view showing the-ajnanner m-by which the apertures in the 

second rebound valve disc are partly overlapped with the notches in the third rebound valve disc; 
[0017] Fig. 7 A is an enlarged front view, in part, of a valve assembly as viewed from the 

bottom of Fig. 7. 

[0018] Fig. 8 is a view similar to that of Fig. 7, but showing that the third rebound valve 

30 disc is angularly moved on the second rebound valve disc in a counterclockwise direction from 
the position shown in Fig. 7; 
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[0019] Fig. 9 is a partial sectional view of the-a_piston assembly, showing the-ajnanner m 
by which the first rebound valve disc is deflected during a compression stroke; 

[0020] Fig. 10 is a plan view of a modified form of the second and third rebound valve 
discs shown in Fig. 7; 

5 [0021] Fig. 1 1 is a plan view of another modified form of the second and third rebound 
valve discs; 

[0022] Fig. 12 is a plan view of a further modified form of the second and third rebound 
valve discs; 

[0023] Fig. 13 is a plan view of another modified form of the second and third rebound 
10 valve discs; 

[0024] Fig. 14 is a partial sectional view of a conventional hydraulic shock absorber; 

[0025] Fig. 15 is a plan view of an apertured valve disc shown in Fig. 14; 

[0026] Fig. 16 is a plan view of a notched valve disc shown in Fig. 14; 

[0027] Fig. 17 is a plan view of an annular outer valve disc shown in Fig. 14; and 

15 [0028] Fig. 1 8 is a plan view of an annular inner valve disc shown in Fig. 14. 



DETAILED DESCRIPTION OF THE INVENTION PREFERRED EMBODIMENTS 
[0029] Referring first to Fig. 1, there is illustrated a hydraulic shock absorber, generally 

indicated by reference numeral 10, for use in a motor vehicle. The shock absorber 10 includes a 

20 cylindrical housing 12 filled with damping fluid. The-AJower end of the cylindrical housing 12 
is closed by a cup shap e cup-shaped closure member 14. An end mounting 16 is welded or 
otherwise secured to the closure member 14. The end mounting 16 has a transverse opening 18 
| for mounting the-ajower end of the shock absorber 10 on a wheel axle (not shown). 
[0030] A piston assembly is generally indicated by reference numeral 20 and slidably 

25 j disposed within the pr e ssur e cylindrical housing 12. The piston assembly 20 divides the-an 
interior of the housing 12 into an upper working or rebound chamber 22 and a lower working or 
compression 

chamber 24. A free piston 26 is also disposed within the compression chamber 24 to form a gas 
chamber 28 below the free piston 26. The gas chamber 28 is filled with high pressure gas. An O- 
30 ring 30 extends around the-a_circumference of the free piston 26 to provide a fluid seal between 
the compression chamber 24 and the gas chamber 28. 
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[0031] A piston rod 32 has one end connected to the piston assembly 20. Th e oth e r 

Another end of the piston rod 32 extends upwardly out of the housing 12. An annular piston rod 
guide 34 is fit within the-an upper end of the housing 12. The piston rod guide 34 has an opening 
36 to slidably receive and guide the piston rod 32 through a bushing 38. The piston rod guide 34 
has an annular projection 40 on its upper surface. A dust cover 42 is fit over the annular 
projection 40 to prevent the-entry of dust and other foreign matter into the interior of the housing 
12. A ring 44 is fit within the-an upper end of the housing 12 and positioned against the-ajower 
side of the piston rod guide 34. The ring 44 has an opening within which an annular seal 46 is 
disposed to sealingly receive the piston rod 32 and prevent tfee-escape of the damper fluid out of 
10 from the housing 12. A cup shape cup-shaped retainer 48 is disposed below the ring 44 to hold 
the ring 44 and the piston rod guide 34 within the housing 12. Part of the housing 12 is crimped 
as at 50 to securely hold the retainer 48 in position. The piston rod 32 is provided at its upper end 
with an end mounting (not shown). Although not shown, the end mounting has an opening for 
mounting the-an upper end of the piston rod 32 en4he onto a frame of a vehicle. 
15 [0032] Referring to Fig. 2, the piston rod 32 has a coaxial extension 52 at its lower end. 

The extension 52 has a diameter less than that of the piston rod 32 so that an annular shoulder 54 
is defined between tfee-a^lower end of the piston rod 32 and the extension 52. The piston 
assembly 20 in its entirety is fit around the extension 52. The extension 52 has an end thread 56 
at its free end. A locking nut 58 threadably engages the end thread 56 to secure the piston 
20 assembly 20 in position between the shoulder 54 and the nut 58. 

[0033] The piston assembly 20 includes an annular piston element 60 fit around the 

extension 52 and sealingly and slidably engaged with the-an inner wall of the tubular housing 12 
through an annular seal 62. An annular upper recess 64 is defined in the-an upper surface of the 
piston element 60 to form an annular upper central land 66 and an annular upper valve seat 68 
25 located radially outwardly of the upper central land 66. The upper central land 66 is slightly less 
in height than the upper valve seat 68. Similarly, an annular lower recess 70 is defined in the-a 
lower surface of the piston element 60 to form an annular lower central land 72 and an annular 
lower valve seat 74 located radially outwardly of the lower central land 72. The lower central 
land 72 is slightly less in height than the lower valve seat 74. A plurality of rebound passages 76 
30 extend from the upper surface of the piston element 60 and terminate in the lower recess 70. A 
plurality of compression passages 78 extend from the lower end of the piston element 60 and 
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terminate in the upper recess 64. A rebound valve assembly 80 is retained on the lower surface of 
the piston element 60. A compression valve assembly 82 is retained on the upper surface of the 
piston element 60. 

[0034] The rebound valve assembly 80 includes annular first to fifth rebound valve discs 

84, 86, 88, 90 and 92 arranged in astack, an annular retainer 94 fit 94-around the extension 52 of 
the piston rod 32 and adapted to define the-a_spring force of the valve discs-80, and an annular 
stopper 96 interposed 96-between the retainer 94 and the nut 58 and adapted to limit flexing of 
the valve discs-80. The first rebound valve disc 84 is positioned against the lower central land 72. 
As shown in Fig. 3, the first valve disc 84 has a central opening 98 to accommodate the 
10 | extension 52 of the piston rod 32. The first valve disc 84 has a diameter slightly less than the-a 
diameter of the lower valve seat 74 so that an annular clearance is left between the first valve 
disc 84 and the lower valve seat 74. The annular clearance has a cross sectional area sufficiently 
larger than that of a fixed orifice, as will later be described in detail, and does not function as a 
restrictive orifice. The first valve disc 84 has a thickness substantially equal to the-a_difference in 
15 axial length between the lower central land 72 and the lower valve seat 74. The second rebound 
valve disc 86 is superimposed on the-ajower surface of the first valve disc 84. The second valve 
disc 86 is greater in diameter than the first valve disc 84 and has an outer peripheral edge 
normally seated on the lower valve seat 74. As shown in Fig. 4, the second valve disc 86 has a 
central opening 100 to accommodate the extension 52 of the piston rod 32. The second valve 
20 disc 86 also includes a circumferential series of twelve circular apertures 102 arranged in a 
circumferentially equally spaced relationship and normally closed by the first valve disc 84. The 
A^diameter of the apertures 102 is approximately one seventh of the diameter of the second valve 
disc 86. A portion 104 of the second valve disc 86 which radially extends between eaeh-adjacent 
apertures 102 serves as a bearing m e ans portion t o support the first valve disc 84 particularly 
when the first valve disc 84 is urged against the second valve disc 86 during a high speed 
rebound stroke. 

[0035] The third rebound valve disc 88 is superimposed on the-ajower surface of the 

second valve disc 86 and has the same diameter as that of the second valve disc 86. As shown in 
Fig. 5, the third valve disc 88 has a central opening 106 to accommodate the extension 52 of the 
30 piston rod 32. The third rebound valve disc 88 also includes an array of eight notches 108 
arranged in a circumferentially equally spaced relationship. The notches 108 extend in the-a 
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radial direction of the third valve disc 88 and have an arcuate outer end 110 and a semicircular 
inner end 1 12. As shown better in Fig. 2, the-a_distance between the-acenter of the third valve 
disc 88 and the inner end 1 12 of the notches 108 is substantially equal to the-adistance between 
tke-a_center of the second valve disc £&-86 and tke-an inner end of the circular apertures 102. The 
notches 108 have a circumferential width approximately three fourth fourths of the diameter of 
the apertures 102. The fourth rebound valve disc 90 is positioned against the-ajower surface of 
the third valve disc 88 and have-has the same diameter as that of the second and third valve discs 
86, 88. As shown in Fig. 6, the fourth valve disc 90 has a central opening 1 14 to accommodate 
the extension 52 of the piston rod 32. The fifth valve disc 92 is fit around the extension 52 of the 
piston rod 32 and is smaller in diameter than the first valve disc 84. The diameter of the fifth 
valve disc 92 may be changed so as to obtain the-a_desired damping characteristic of the shock 
absorber. This damping characteristic may also be changed by increasing and decreasing the-a 
number of the fourth and fifth valve discs used. 

[0036] With the third valve disc 88 sandwiched between the second valve disc 86 and the 

fourth valve disc 90, eight restrictive orifices 116 are defined in the-an outer end of the notches 
108. The orifices 116 are constantly communicated with the compression chamber 24. As 
diagrammatically shown in Fig. 7, e ach Each of the restrictive orifices 1 16 has a cross sectional 
area Si-which is determined by the product of th^athickness of the third valve disc 88 and the~a 
width of the notches 108. In Fig. 7_four of the eight notches 108 are partly overlapped with the 
four corresponding feu^-apertures 102 to form four ports 118. The ports 118 have a cross 
sectional area S2-which is substantially greater than that of the restrictive orifices 116. The other 
four notches 108 are partly overlapped with the remaining eight apertures to form four pairs of 
ports 120. Each pair of ports 120 has a combined cross sectional area S3-which is sufficiently 
greater than that of the restrictive orifices 116. In the embodiment shown in Fig. 8, the third 
valve disc 88 is slightly angularly moved on the second valve disc 86 in a counterclockwise 
direction from the position shown in Fig. 7. As shown, four of the eight notches 108 are partly 
overlapped with four of the twelve apertures 102 to form four ports 122. The ports have a cross 
sectional area S4~which is greater than that of the restrictive orifices 116. Another four notches 
108 are partly overlapped with another four apertures 102 to form four ports 124. The ports 124 
have a cross sectional area S£-which is greater than that of the restrictive orifices 116. In the 
embodiments shown in Figs. 7 and 8, the cross sectional areas S2 to S5 of the ports 118, 120, 



122, 124 are sufficiently greater than the cross sectional area S4-of the restrictive orifices 1 16 so 
that none of the ports functions as a restrictive orifice. As such, the total cross sectional area 
(SS4-) of the restrictive orifices determines an orifice-induced damping characteristic during 
compression. 

[0037] Referring again to Fig. 2, the compression valve assembly 82 includes an annular 

first compression valve disc 130 fit around the extension 52 of the piston rod 32 and retained on 
the upper central land 66. The first compression valve disc 130 has substantially the same 
diameter as that of the upper central land 66. An annular second compression valve disc 132 is fit 
around the extension 52 of the piston rod 32 and positioned on the first valve disc 130. The 
second compression valve disc 132 has an outer peripheral edge normally seated on the upper 
valve seat 68. The second valve disc 132 is identical in thickness and diameter to that of the third 
rebound valve disc 88. The second compression valve disc 132 includes eight notches 134 
arranged in a circumferentially equally spaced relationship. The notches 134 have the same 
circumferential width as that of the notches 108 of the third rebound valve disc 88, but has hhave 
a radial length less than that of the notches 108. An annular third compression valve disc 136 is 
fit around the extension 52 of the piston rod 32 and held against the second valve disc 134. The 
third compression valve disc 136 has the same diameter as that of t he second compression valve 
disc 132. An annular fourth compression valve disc 138 is superimposed on the third valve disc 
136. The fourth compression valve disc 138 has a diameter less than that of the third valve disc 
136. The diameter of the fourth compression valve disc 138 may be changed so as to establish 
the-a_desired damping characteristic through the compression valve assembly when the piston 
assembly is moved into the compression chamber 24. This characteristic may also be changed by 
increasing and decreasing the-anumber of the third and fourth valve discs 136, 138 used. 
[0038] An annular retainer 140 is fit around the extension 52 of the piston rod 32 and 

positioned against the fourth compression valve disc 138. The retainer 140 defines the-a_spring 
force of the compression valve assembly 82 and provides a fulcrum at which the compression 
valve assembly 82 can be deflected. An annular stopper 142 is fit around the extension 52 of the 
piston rod 32 and interposed between the shoulder 54 of the piston rod 32 and the retainer 140. 
The stopper 142 limits flexing of the compression valve assembly 82. 

[0039] With the second valve disc 132 placed between the upper valve seat 68 and the 

third valve disc 136, eight restrictive orifices 144 are defined in the-an outer end of the notches 
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134. The orifices 144 are constantly communicated with the rebound chamber 22. The orifices 
144 have a cross sectional area S6-which is determined by the product of the~a_thickness of the 
second valve disc 132 and tbe-awidth of the notches 134. The total cross sectional area (ES6) of 
the eight restrictive orifices 144 determines an orifice-induced damping characteristic during 
compression and rebound. In the embodiment shown in Figs. 1 to 7, the total cross sectional area 
(£S1) of the restrictive orifices 116 is identical to the total cross sectional area (ES6) of the 
restrictive orifices 144. Alternatively, the total cross sectional area (SSI) of the restrictive 
orifices 116 and the total cross sectional area (SS6) of the restrictive orifices 144 may be varied 
to provide different tuning between compression and rebound movement of the shock absorber. 
10 [0040] In use, the piston assembly 20 reciprocates within the piston housing 12 during 

compression and rebound movement of the shock absorber 10. At this time, the damping fluid is 
forced through the several restrictive orifices and passages to dampen the compression and 
rebound movement. 

[0041] More specifically, during an extremely low velocity compression stroke, the-a 

15 pressure differential between the rebound chamber 22 and the compression chamber 24 is so 
small that the compression valve assembly 82 remains in its seated position, and the first rebound 
valve disc 84 is held against the second rebound valve disc 86 to close off all the apertures 102 in 
the second rebound valve disc 86. Thus, compression flow is routed only through the restrictive 
orifices 144. 

20 [0042] As the piston assembly is moved slightly faster, but still at a relatively low 

compression rate, the-apressure differential across the rebound valve assembly 80 increases to a 
level sufficient to deflect or open the first rebound valve disc 84. As shown by the arrow in Fig. 
9, damping fluid is caused to flow from the compression chamber 24 to the rebound chamber 22 
first through the restrictive orifices 116 and then the ports overlappingly formed between the 

25 apertures 102 and the notches 108. This combination (flow through the restrictive orifices 116 
| and flow through the ports as the first rebound valve disc 84 is opened) improves the-a_damping 
function of the shock absorber at low compression rates. At this time, the compression valve 
assembly 82 still remains in its seated position. As such, damping fluid will flow only through 
the restrictive orifices 144. 

30 [0043] During a high velocity compression stroke, tfee-pressure in the compression 

chamber 24 unseats the compression valve assembly 82 from the upper valve seat 68 to allow a 
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substantial part of the damping fluid to flow from the compression chamber 24 to the rebound 
chamber 22 through between the upper valve seat 68 and the compression valve assembly 82. 
This provides a greater valve-induced damping force. 

[0044] During a low velocity rebound stroke wherein the piston assembly 20 is returned 

5 | to the rebound chamber 22, the-a_pressure differential between the compression chamber 24 and 
the rebound chamber 22 is so small that the rebound valve assembly 80 remains in its seated 
position. Thus, rebound flow is routed only through the restrictive orifices 144. 
[0045] During a high velocity rebound stroke, the-a_pressure differential across the 

rebound valve assembly 80 is so large that the rebound valve assembly 80 is unseated from the 
10 lower valve seat 74. This allows damping fluid to flow from the rebound chamber 22 to the 
compression chamber 24 through between the lower valve seat 74 and the rebound valve 
assembly 80. This gives the shock absorber a high valve-induced damping force. 
[0046] At relatively high rebound rates, relatively high back pressure is exerted on the 

first rebound valve disc 84. Deformation of the first rebound valve disc 84 is, however, 
15 minimized since &e-a_non-apertured region 104 of the second rebound valve disc 86 supports the 
first rebound valve disc 84. The first rebound valve disc 84 may be_slightly be-deformed around 
the apertures 102 of the second rebound valve disc £4-86 when the-back pressure or stress is 
exerted on the first rebound valve disc 84. Advantageously, this stress is evenly dispersed along 
and around th e circumfer e nc e circumferences of the apertures 102 as the apertures 102 are 
20 circular in shape. This arrangement permits a wide variety of tuning features. For example, the 
first rebound valve disc 84 may be made thinner. Also, another valve disc may alternatively be 
superimposed on the first rebound valve disc 84. 

[0047] As shown in Fig s . 7 and 8, th e The cross sectional area Si-of each restrictive 

orifice 1 16 is less than the cross sectional area S2 or S3 of the ports, regardless of the-ajelative 
25 angular position between the second rebound valve disc 86 and the third rebound valve disc 88. 
This makes it easier to assemble the shock absorber without the-need for a special tool. 
[0048] Figs. 10 to 13 show modified forms of the second and third rebound valve discs 

86, 88. Referring to Fig. 10, an annular second, apertured valve disc 130 includes a 
circumferential series of eight circular apertures 132 arranged in a circumferentially equally 
30 spaced relationship, and eight non-apertured regions 134 located between eaeh-adjacent apertures 
132 and adapted to support the first rebound valve disc 84 during flexing of the first rebound 
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valve disc 84 in response to fluid flow during rebound and compression movement of the piston 
assembly. An annular third, notched valve disc 136 includes a circumferential series of eight 
sectorial notches 138, and a corresponding array of radial fingers or non-notched regions 140 
located between eaeh-adjacent notches 138. Eight restrictive orifices 142 are formed in the-an 
outer end of the notches 138 when the third rebound valve disc 136 is sandwiched between the 
second rebound valve disc 130 and the fourth rebound valve disc 90. With the third rebound 
valve disc 136 superimposed on the second rebound valve disc 130, the radial fingers 140 are 
located in the-respective apertures 132 to close part of the apertures 132 and divide each aperture 
132 into a pair of semicircular apertures. Each pair of semicircular apertures coop e rate 
10 cooperates with the-adjacent notches 138 to form a pair of separate ports 144. Tbe-A diameter 
and radial position of the apertures 132, the-a_width of the fingers 140 and the-a_shape of the 
notches 138 are determined so that the-across sectional area of each restrictive orifice 142 is less 
than the-a_combined cross sectional area of each pair of ports 144 regardless of the-arelative 
angular position between the second and third rebound valve discs 130, 136. 
15 [0049] Referring to Fig. 1 1, an annular second, apertured valve disc 150 includes a first 

circumferential series of twelve circular apertures 152 arranged in a circumferentially equally 
spaced relationship and a second circumferential series of twelve circular apertures 1 54 arranged 
in a circumferentially equally spaced relationship and located radially outwardly of the first 
apertures 152. The second apertures 154 are angularly displaced from the first apertures 152 so 
20 that each second aperture 154 is positioned between adjacent first apertures 152. This 
arrangement leaves non apertur e s non-apertured regions 156 between eaeh— adjacent first 
apertures, between eaeh-adjacent second apertures, and between eaeh-adjacent first and second 
apertures. An annular third, notched valve disc 158 includes a series of eight radial notches 160 
arranged at equal intervals, and an array of tines or non-notched regions 162 between adjacent 
25 notches 160. As diagrammatically shown in Fig. 1L eight Eight restrictive orifices 164 are 
formed in the-an outer end of the notches 160 when the third rebound valve disc 158 is 
sandwiched between the second rebound valve disc 150 and the fourth rebound valve disc. With 
the third rebound valve disc 158 superimposed on the second rebound valve disc 150, each of the 
notches 160 is partly overlapped with the-respective first and second apertures 152, 154 to form a 
30 pair of separate ports 166. The-Adiameter and radial position of the apertures 152, 154 and the-a 
width of the notches 160 are determined so that the-a cross sectional area of each restrictive 
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orifice 164 is less than tfee-a_combined cross sectional area of each pair of ports 166 regardless of 
fte-arelative angular position between the second and third rebound valve discs 150, 158. 
[0050] Referring to Fig. 12, an annular second, apertured valve disc 170 includes a 

circumferential series of eight circular apertures 172 arranged in a circumferentially equally 
spaced relationship, and eight non-apertured regions 174 located between eaeh-adjacent apertures 
172 and adapted to support the first rebound valve disc 84 during flexing of the first rebound 
valve disc in response to fluid flow during rebound and compression movement of the piston 
assembly. An annular third, notched valve disc 176 includes a circumferential series of eight 
generally rectangular notches 178, and a corresponding array of radial fingers or non-notched 
regions 180 located between eaeh-adjacent notches 178. Eight restrictive orifices 182 are formed 
in the-an outer end of the notches 178 when the third rebound valve disc 176 is sandwiched 
between the second rebound valve disc 170 and the fourth rebound valve disc. With the third 
rebound valve disc 176 superimposed on the second rebound valve disc 170, the radial fingers 
180 are located in the respective apertures 172 to close part of the apertures 172 and divide each 
aperture into two small apertures. Each pair of small apertures cooperates with the adjacent 
notches 178 to collectively form a pair of separate ports 184. The-Adiameter and radial position 
of the apertures 172, the-a_width of the fingers 180 and the-a_shape of the notches 178 are 
determined so that the~a_cross sectional area of each restrictive orifice 182 is less than the-a 
combined cross sectional area of each pair of ports 184 regardless of the-a_relative angular 
position between the second rebound valve disc 170 and the third rebound valve disc 176. 
[0051] Referring to Fig. 13, an annular second, apertured valve disc 190 includes a 

circumferential series of eight circular apertures 192 arranged in a circumferentially equally 
spaced relationship, and eight non-apertured regions 194 located between eaeh-adjacent apertures 
192 and adapted to support the first rebound valve disc during flexing of the first rebound valve 
disc in response to fluid flow during rebound and compression movement of the piston assembly. 
An annular third, notched valve disc 196 includes a corresponding array of eight notches 198 
arranged in a circumferentially equally spaced relationship. The notches 198 have a generally T- 
shape and each include a radial notch region 200 and a circumferential notch region 202 
connected to the-an inner end of the radial notch region 200. As diagrammatically shown, eight 
Eight restrictive orifices 204 are defined in the-an outer end of the radial notch region 200 of the 
notches 198 when the third rebound valve disc 196 is sandwiched between the second and fourth 
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rebound valve discs. With third rebound valve disc 196 superimposed on the second rebound 
valve disc 190, each of the apertures 192 is partly overlapped with adjacent ends of the 
circumferential notch region 202 of each notch 198 to collectively define a pair of separate ports 
206. The-A^diameter of the apertures 192 and the-a^shape of the notches 198 are determined so 
that the-a^cross sectional area of each restrictive orifice 204 is less than the-a_combined cross 
sectional area of each pair of ports 206 regardless of the-ajelative angular position between the 
second and third rebound valve discs 190, 196. 

[0052] The modified valve discs shown in Figs. 10 to 13 offer the same advantageous 

effect as those shown in Figs. 1 to 9. Particularly, in the valve discs shown in Figs. 10, 12 and 13, 
all the apertures are in constant communication with the-respective notches regardless of the 
relative angular position between the second and third rebound valve discs. In other words, the 
first rebound valve disc can have a constant area on which fluid pressure is exerted. This 
arrangement allows safe opening of the first rebound valve disc and prevents damping 
fluctuations during a low velocity compression stroke. This gives the-occupants of a vehicle 
bette r more comfortable ride comfort since the occupants are sensitive to such damping 
fluctuations. 

[0053] The first rebound valve disc functions as a spring and when opened, provides a 

valve-induced damping characteristic. Alternatively, the first rebound valve disc may be in the 
form of a check valve. Such an arrangement provides independent tuning features during 
compression and rebound strokes. 

[0054] Illustratively, the apertures of the second rebound valve disc are arranged in a 

circumferentially equally spaced relationship. Alternatively, a plurality of pairs or sets of 
apertures may be arranged in the same manner or at given intervals. The apertures shown in Figs. 
1 to 13 are all circular in shape. Alternatively, the apertures may take a triangular, rectangular or 
other polygonal shape in case that a relatively rigid first valve disc can be employed for the-a 
desired tuning of the shock absorber. 

[0055] In the foregoing embodiments, the second apertured valve disc, the third notched 

valve disc and the fourth valve disc have the same diameter. Alternatively, the third valve disc 
and/or the fourth valve disc may have a diameter less than that of the second valve disc so ft* 
long as the restrictive orifices are formed when the third notched valve disc is sandwiched 
between the second apertured valve disc and the fourth valve disc. The first to fourth rebound 
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valve discs are used as a tuning feature to produce a greater damping force during compression. 
The compression valve assembly may be arranged in the same manner as the rebound valve 
assembly. Such an arrangement can widely vary fee-tuning of the shock absorber during 
rebound. 

5 [0056] In the illustrated embodiments, the shock absorber is composed of a single 

pressure tube. As an alternative, the shock absorber may be composed of twin pressure tubes. 
Illustratively, the present invention is applied to an automotive shock absorber. It is to be 
understood that the present invention is equally applicable to trains, washing machines, buildings 
and other vibratory objects. 

10 [0057] Although the present invention has been described with respect to its preferred 

embodiments, the present invention is not limited to the illustrated embodiments. For example, 
the rebound and compression passages may be defined in the-a_wall of the cylindrical housing. 
Still alternatively, the valve assemblies may be externally attached to the cylindrical housing, 
and the rebound and compression passages may thus extend outside of the cylindrical housing. It 

15 is to be understood that other modifications and changes may be made without departing from 
the scope of the invention as defined by the appended claims. 
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H YD RA ULI C SHOCK ABSORBER 

ABSTRACT OF THE DISCLOSURE 

A hydraulic shock absorber includes a cylindrical housing within which a piston 
assembly is slidably received. The piston assembly includes a piston element connected to a 
piston rod and adapted to divide the-an interior of the housing into compression and rebound 
chambers. The piston element has compression and rebound passages to provide fluid 
communication between the compression and rebound chambers. A valve assembly includes a 
first valve disc positioned on the-ajower side of the piston element, and a second valve disc 
retained on the first valve disc. The second valve disc includes apertures arranged in a 
circumferentially spaced relationship and are selectively opened openable and elese4 -closeable 
by the first valve disc. A third valve disc is retained on the second valve disc and has notches 
arranged in a circumferentially spaced relationship. The notches cooperate with the apertures to 
collectively form ports. The ports are communicated with the compression chamber. A fourth 
valve disc cooperates with the second valve disc to sandwich the third valve disc so that 
restrictive orifices are defined in the-an outer end of the notches. Each of the ports has a cross 
sectional area greater than that of the restrictive orifices regardless of the-ajrelative angular 
position between the second and third valve discs. 
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